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2-Fluoroacrylate Ester Polymers and Use 
Thereof As Optical Materials 
This invention relates to the ester of 
2-f luoroacrylic acid with 1H, 1H, -perf luorocyclohexyl- 
5 methanol and to homopolymers and copolymers thereof and 
to the use of such polymers in optical materials, 
particularly optical fibres. 

Plastic optical fibres have attracted much interest 
and been an area of active commercial research for many 

10 years since they offer. the potential of combining the 
rapid data transmission advantages afforded by glass 
optical fibres with the ruggedness and low costs 
associated with copper cabling products. - 

Despite this activity and interest, plastic optical 

15 fibres {POFs) have not, to date, been widely accepted as 
a data communications medium. One of the key 
contributing factors in delaying this acceptance has been 
the poor thermal stability of available fibres. Data 
transmission systems in both automotive and aerospace 

20 applications provide large markets for POFs. However, 

underbonnet applications in automobiles require extended 
performance above 100°C, with many aerospace environments 
even more severe and demanding performance at 
temperatures in excess of 140°C. The upper use 

25 -temperature for current commercial POFs, which are 

predominantly based on polymethyl methacrylate [PMMA] and 
polystyrene [PS] , is about 80°C / which is too low for 
these applications. The high temperature performance of 
a polymer for these applications is limited by its glass 

30 transition temperature (Tg) , since at temperatures around 
and above Tg its mechanical and optical properties 
decline. For both PMMA and PS, Tg is in the range of 
100°C to 105 °C. Thus, materials with Tgs above those of 
PMMA and PS are desirable to increase the maximum use 

35 temperature of the resulting POFs. 
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A further factor delaying the acceptance of POFs has 
been the high optical attenuations of currently available 
commercial fibres to transmission in the red and near 
infrared (NIR) region, where preferred solid state light 
5 sources operate. The fabrication of plastic optical 
fibres with lower attenuations in these regions is an 
area of current polymer fibre research. 

The predominant contributor to the red and NIR 
optical attenuation of most amorphous polymeric materials 
10 suitable for optical fibres is absorption caused by 
overtone and combination bands of the C-H bond's 
fundamental vibration. The academic and patent art has 
therefore concentrated on reducing these .attenuations and 
this has been achieved by partial or complete replacement 
15 of H atoms by the heavier deuterium or halogen atoms. 

This reduces NIR attenuations due to the higher reduced 
mass of the OX bond (X=D,F,Cl) compared to the C-H bond, 
so shifting the fundamental and overtone frequencies out 
of the range of interest. 
20 The replacement of H with D has received much 

attention and has produced very good results 
( Appl . Phys . Let . 1983, 42, 567). Attenuations as low as 
20 dB/Km (650nm) have been obtained from fully deuterated 
PMMA fibres. Unfortunately, cost considerations of 
25 deuteration make this approach essentially of academic 
interest only, and there has been no attempt to 
commercialise a fibre containing deuterium. 

Halogenation represents a much more commercially 
attractive option to reducing attenuations. By 
3 0 introduction of these heavier atoms, the effect of 

hydrogen overtones can be reduced and/or diluted and so 
attenuations may be reduced in a similar manner to 
deuteration. Whilst both chlorine and bromine 
substituted polymers have been considered, the advantages 
35 associated with f luorination, namely, C-F bond stability, 
low atomic bulk etc., have made this approach the most 
attractive . 
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For a number of reasons, mainly related to 
fabrication and processing, optical polymers are 
predominantly acrylic ester based materials. Fluorination 
in such systems has been largely achieved by the use of 
5 short -chain perf luorinated ester methacrylates, taking 
advantage of the readily available short chain 
perf luoroalcohols . A review of this art is disclosed in 
WO 93/03074. The attenuation improvements available from 
such materials, particularly in the NIR can be 

10 significant. The above document discloses materials with 
NIR attenuations approximately 25% of those of 
conventional PMMA fibres. However, in order to reduce 
attenuations substantially further, not only must the 
side chain ester functionality of the polymer be 

15 f luorinated, but it is also necessary to replace the 

hydrogen atoms of the polymer backbone. One of the most 
effective methods of achieving this is to replace the 
methyl function of the raethacrylate backbone with a 
fluorine atom, producing 2-f luoroacrylate polymers. As 

20 well as reducing the polymer H-atom content, this 

approach also has the advantage that, by careful choice 
of the side -chain group, the Tg of the polymer may be 
increased to a level where it may be suitable for high 
temperature usage. The combination of high Tg, leading 

25 to a high upper use temperature, and. a high degree of 

fluorination, giving the potential for very low optical 
losses, yields materials which show much promise as 
optical fibre core materials for local area networks 
where the use. conditions are severe, for example in 

30 automobile and aerospace applications. 

Esters of 2-f luoroacrylic acid are well known. The 
methyl ester of 2-f luoroacrylic acid can be prepared by 
the reaction of methyl 2-f luoroacetate with formaldehyde 
in the presence of calcium hydride and dimethyl oxalate, 

35 as disclosed in Macromolecules 1980, 13, 1031-1036. The 
polymerisation of this monomer, methyl 2 -f luoroacrylate 
(MFA) , is reported to give a high Tg (128°C) polymer. 
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Several methods are known for the preparation of 
other derivatives of 2-f luoroacrylic acid e.g. 
J. Fluorine Chem. 1991, 55, 149-162. For example, 2H- 
octaf luorocyclopentyl methyl 2-f luoroacrylate may be 
5 prepared from 2 , 3 -dif luoropropionyl chloride by a two- 
step reaction in which the acid chloride is de- 
hydro fluorina ted to give the 2-f luoroacryloyl chloride, 
then treated with 1H, 1H, 2H-octaf luoropentyl methanol in 
the presence of base. There is no disclosure of 

10 polymerisation of this or other monomers although 
reference is made to the good general optical and 
physical properties of 2-f luoroacrylic ester polymers. 

It is known that polymers containing 2- 
f luoroacrylate esters may be used for the preparation of 

15 optical fibre cores. EP-0128516 discloses monomers of 
the formula H 2 C=CF-COOR f , in which R f is a fluorine- 
containing aliphatic group , preferably a fluorine- 
containing lower alkyl group. Examples are given of 2- 
f luoroacrylate homopolymers with glass transition 

20 temperatures up to 125*C [poly (3H-1 , 1 -dimethyl - 

tetraf luoropropyl 2-f luoroacrylate) ] . JP 02092908 
discloses 2-f luoroacrylates in which the backbone C-H 
bonds are replaced by C-D bonds to reduce the NIR bond 
absorptions. The monomers have the formula D 2 C=CR 1 -COOR 2 , 

25 in which R x is F , D, or CD 3 , and R 2 is C^Y*^ (Y=F,C1) . 
Lower alkyl chains only are exemplified. 

Monomers and polymers of 2-f luoroacrylates with 
fluorinated rings are disclosed in FR 2623510. However, 
the examples and claims relate only to fluorinated 

30 aromatic materials. 

AU-A-13035/88 discloses 2-f luoroacrylate materials 
in which a substituted bicyclic ring is present. The 
monomer structure allows the possibility of bicyclic 
perf luorinated 2-f luoroacrylate esters, however, all 

35 examples relate to chlorinated monomers. The patent 
recommends specifically chlorine, bromine or 
trif luoromethyl substitution, but discloses no 
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perf luorinated rings. 

Other examples of polymers of alicyclic highly 
f luorinated (meth) acrylic monomers are known as optical 
materials. WO93/03074 discloses a specific monomer , 1H, 
5 lH-perf luorocyclohexylmethyl methacrylate, and 
homopolymers and copolymers thereof with other 
f luorinated and non-f luorinated monomers, as an optical 
fibre core with low optical loss. However, high 
temperature usage is not disclosed. 

10 US-5148511 discloses cladding compositions 

comprising copolymers of fluorine containing methacrylate 
monomers with methyl methacrylate. Glass transition 
temperatures of up to 108 °C are indicated for solution 
copolymers of 1H, lH-perf luorocyclohexylmethyl 

15 methacrylate with methyl methacrylate in 50:50 weight 
ratio. 

The present invention provides alternative fluorine- 
containing materials suitable for the preparation of 
optical elements. 
20 According to one aspect of the invention there is 

provided 1H, 1H- perf luorocyclohexylmethyl 2- 
f luoroacrylate . 

According to a further aspect of the invention there 
is provided a homopolymer or copolymer of 1H,1H- 
25 perf luorocyclohexylmethyl 2 -f luoroacrylate . 

Depending on the intended use and desired physical 
properties, the copolymer may comprise, i*i addition to 
1H, IH-perf luorocyclohexylmethyl 2 -f luoroacrylate, any 
addition-polymerisable monomer, such as acrylic acid, 
30 methacrylic acid, 2-f luoroacrylic acid and esters, amides 
and nitriles derived therefrom, including mixtures of 
these monomers. For optical fibre applications, the 
copolymer is preferably formed from: 

a) at least 40%, preferably at least 60% by weight 
35 of 1H, 1H -perf luorocyclohexylmethyl 2-f luoroacrylate and 
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b) up to 60% by weight, preferably 0 to 40% by 
weight of a copolymerisable monomer selected from the 
group consisting of methyl 2-f luoroacrylate, Ham- 
per fluorooctyl 2 - f luoroacrylate , 1H , lH-perf luoro ( 2 - 
5 (butoxy) propyl) 2-f luoroacrylate, or other similar 
monomers , or a mixture of such monomers . 

The polymers of this invention may be used to form 
the core of plastic optical fibres e.g. by the techniques 
disclosed in WO93/03074. Generally the process for the 
10 preparation of POFs comprises the following steps: 

a) the monomer mixture, together with a free 
radical initiator and chain transfer agent, is placed in 
a closed reaction vessel; 

b) the polymerisable mixture is degassed; 
15 c) the temperature of the vessel is raised, 

resulting in polymerisation of the monomer mixture; 

d) the polymer is extruded into a fibre core 
generally having a diameter in the range of 0.1 to 
2 . 0 mm . 

20 The plastic fibres of the invention exhibit NIR 

attenuations which are significantly lower than the best 
commercially available materials based on PMMA (typical 
losses about 3000 dB/km at 840 nm) . To a first order of 
approximation, attenuations in such fibres can be related 

25 to the H atom concentration in relation to PMMA. By 

carrying out such a calculation, it is estimated that the 
attenuation of fibres of this invention should be 
approximately 150 dB/km at 840 nm. Further, whilst PMMA 
attenuations are highly sensitive to small wavelength 

3 0 drifts of the light source in this region, the 

fluorinated fibre of this invention is comparatively 
insensitive to these effects. 

However the key advantage of using the perfluoro- 
cyclohexyl functionality stems from the observation that 

35 this grouping can also impart high glass transitions 

(about 140°C) to the resulting polymers and fibres. This 
is an important feature; straight or branched 
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perf luoroalkyl side chains are not able to achieve the 
high glass transitions afforded by this polymer. These 
Tgs are comparable to many fibres claimed for use in high 
temperature applications. Polycarbonates (Tg 130 to 
5 160°C) , for example, have been used as high temperature 
POFs, but these materials can not be bulk polymerised 
from a pure monomer mixture and contain contaminants 
which are difficult to eliminate from the polymer, 
resulting in high optical attenuations in the fibres 

10 produced. Alkyl methacrylates with alicyclic 

substituents (e.g. bornyl, fenchyl, menthyl) have also 
been used for high temperature fibres; again their 
properties are not acceptable for low attenuation 
applications due to their high C-H bond content and 

15 resulting high optical losses. 

In comparison with these other polymers which have 
been used as high temperature POFs , the materials of this 
invention show a very desirable combination of 
properties. Additionally, high degradation temperatures 

20 (about 350°C) are generally observed in 2-f luoroacrylate 
polymers, which aids their processing and increases 
thermal stability above that observed for their 
met ha cry late analogues . 

In addition, the fibres of the invention have 

25 excellent physical properties when compared to other 
highly fluorinated polymer materials which have been 
reported as low attenuation materials. Those described 
in WO93/03074, for example, where the perf luorocyclohexyl 
functionality is substituted onto a methacrylate 

30 backbone, are lower in modulus and more brittle than 
those of this invention. 

The physical properties, together with a high degree 
of thermal stability (both in terms of upper use 
temperature and decomposition temperature) , and potential 

35 for low attenuation, give^ a combination of properties 
which have not been reported previously for any 
comparable material . 
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30 



The polymers of the invention could also find 
utility in the preparation of other high performance 
opticai components e.g. optical fibre claddings, lenses 
and other forms of waveguides, where similar properties 
are desirable. 

1H, iH-perfluorocyclohexylmethyl 2-f luoroacrylate may 
be prepared according to modifications of standard 
literature procedures (Synthesis, 1985, 754; J.Org.Chem. 
1989, 54, 5640), as outlined in either Scheme 1 or Scheme 2 



NaOH \ BuOH J 



Bu 

OBu 6Bu 



0) Zn 




Schema 1 



20 _ F F 



Scheme 2 



in which represents perfluorocydohexyl 



The invention will now be illustrated by the 
following Examples : - 

Example 1 

a) Preparation of [1H, lH-perf luorocyclohexylmethyl 2,3- 
35 dibromo-2 -f luoropropanoate] 

2 , 3 -dibromo-2 -f luoropropanoyl bromide (158g, O.Smol) 
was . added dropwise to a stirred solution of 1H,1H- 
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perf luorocyclohexylmethanol (150g, 0.48mol) and 
triethylamine (53.3g / 0.52mol) in dichl or ome thane 
(250ml) at 0°C. The mixture was allowed to attain 
room temperature and was then stirred overnight. 
5 Work -up was achieved by washing with water (3 x 

250ml) and brine (250ml) . After drying (MgS0 4 ) and 
removing solvents under a vacuum, the organic 
residue was chroma tographed through basic alumina 
using a 40-60°C petroleum spirit fraction as the 
10 eluent. Removal of solvents left the title compound 

as a crude oil (yield = 233g) . 



15 



35 



b) Preparation of lH f lH-perf luorocyclohexylmethyl 2- 
f luoroacrylate by Scheme 1 . 



Zinc powder (36g, 0.5mol) was added to diisopropyl 
ether (175ml) and the mixture was purged with argon. 
The reaction mixture was brought to reflux and 
1H, IH-perf luorocyclohexymethyl 2 , 3-dibromo-2- 

20 f luoropropanoate (lOOg, 0.18mol) was added dropwise. 

Reflux was continued for six hours before the 
reaction mixture was allowed to cool . Zinc was 
removed by filtration and solvents were removed 
under vacuum. The residue was redissolved in ether 

25 (250ml) and washed with water (2x100ml) , brine 

(100ml) and then dried (MgS0 4 ) . After removal of 
solvents, a small quantity of phenothiazine 
inhibitor (lOmg) was added and the crude mixture was 
distilled, to give the title compound (yield - 72g, 

30 Bpt. 45-65°C/0. 5mraHg) as a clear oil. Further 

purification of the material for use in optical 
fibre applications was carried out by fractional 
distillation, giving a pure sample of the desired 
monomer (Bpt . 70-73°C/12mBar) . 



c) Preparation of 1H, 1H- perf luorocyclohexylmethyl 2- 
f luoroacrylate by Scheme 2. 
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2-Fluoroprop-2-enoyl fluoride (16.2g, 1.1 eq) was 
dissolved in dichlorome thane (100ml) and the 
solution was cooled to -50°C, with stirring. To 
this was added, dropwise, a solution of 1H, 1H- 
5 perf luorocyclohexylmethanol (50g, 1 eq) , 

triethylamine (17.45g, 1.1 eq) and N,N- 
dimethylaminopyridine (10mol%) in dichloromethane 
(100ml). On complete addition (20 minutes 
approximately) , the yellow reaction mixture was 

10 allowed to attain room temperature over 2 hours, 

before stirring overnight. Work-up of the reaction 
mixture at this stage was carried out by dilution of 
the mixture (200ml dichloromethane ) and washing of 
the organic phase with water (2x10 0ml) , dilute 

15 hydrochloric acid (2x50ml, 1M) , water (2x100ml) and 

brine (100ml) . The organic phase was dried (Na 2 S0 4 ) 
and evaporated under vacuum to give a crude oil, 
purified by distillation to give the title compound 
(yield 55g, Bpt. 62-74*C/l2raBar) . Again, further 

20 purification in a similar manner to that described 

above, was used to purify the monomer to the level 
required for optical fibre preparation. 

Example 2 

25 Preparation of Poly (1H, lH-perf luorocyclohexylmethyl 2- 
f luoroacrylate) and processing to optical fibre. 

The monomer was bulk polymerized in glass preform tubes 
as described in WO93/03074, using t- butyl hydroperoxide as 

30 initiator (0.1 mol %) and butanethiol as chain transfer 
agent (0.2 mol %) . The monomer was degassed in the 
preform tube using the method of freeze/thawing until a 
minimum of bubbles were generated in the monomer on 
thawing. The polymerisation was carried out in a 

35 fluidised sand bath under the following conditions: 

Initial temperature 138°C, 16 hours; ramp to 160°C at 
10°C/minutes and hold for 24 hours. On completion of the 
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polymerisation, the preform was transferred to a fibre 
drawing tower such that minimum cooling occurred. The 
initial temperature of the drawing furnace was 180°C and 
an overpressure of 0.16 atmosphere of nitrogen was 
5 applied to the top of the preform. The furnace 

temperature was increased in 2-3*C increments until the 
polymer showed onset of flow (207°C) , Fibre was drawn at 
a haul-off rate of 1.0 m/min. Attenuation measurements 
were made on the fibre by the method of cut backs 

10 (similar to that of BS6558 Part 1 - Optical Fibres and 
Cables) ; laser light was injected into the end of the 
fibre and several cutbacks were made. 

The optical attenuation, measured using a Bentham 
Spectrophotometer and corrected to the laser measured 

15 attenutation recorded' at 633 nm, showed a typical value 
of approximately 1400 dB/Km in the important 840 nm 
window . 

The accompanying Figure 1 indicates the attenuation 
spectrum for poly (1H, lH-perf luorocyclohexylmethyl 2- 

20 f luoroacrylate) , compared with that for PMMA. This shows 
that a large scatter wedge is present for the former 
material compared to the optimised PMMA fibre. Even so, 
the optical 'Ibises for the material of this invention are 
significantly lower than those of PMMA at wavelengths 

25 above 800nm. 

The fibre was analysed for physical properties such 
as tensile strength, elongation etc; these details are 
given below: 

3 0 Modulus Tensile Strength Elongation 

(at yield) (at yield) 

1500 MPa 44.0 MPa 4.7% 

3 5 Thermal analysis was also carried out on samples of 

the material produced above. The glass transition 
temperature, measured by differential scanning 
calorimetry at a ramp rate of l0°C/min, was 
138° (midpoint) ; the decomposition onset was measured as 
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360'C by thermogravimetry, using a ramp rate of 30°C/min 
in a N 2 atmosphere. 

Example 3 (comparative) 
Poly (methyl methacrylate) 
5 The monomer was bulk polymerised in a similar manner 

to that used in Example 2, using 2 , 2 ' -azobis (t-butane). as 
initiator (0.1 tnol%) and butanethiol as chain transfer 
agent (0.25 mol%) . After degassing the mixture, 
polymerisation was carried out in a silicone oil bath 

10 under the following conditions: initial temperature 

130°C, 16 hours; ramp to 160°C at 10°C/hour, hold for 4 
hours; ramp to 180*C at 10°C/hour, hold for 4 hours. The 
preform was transferred to a drawing furnace at 180°C, 
and an overpressure of N 2 was applied (0.3 atm) . The 

15 temperature was increased to 202 °C, and fibre was drawn 
from the tip of the vessel at 3 m/min. 

The optical attenuation was measured by similar 
techniques to those used in Example 2 giving an 
attenuation of about 2500 db/km at 840 nm. 

20 Analysis of the physical properties of the polymer 

fibres was also carried out by similar methods to those 

used in Example 2. The results are given below: 

Modulus Tensile Strength Elongation 
(at yield) (at yield) 

25 

3070 MPa 112 MPa 3.6% 

Thermal analysis was also carried out, giving a 
glass transition temperature of 105°C and a decomposition 
30 onset of 290°C. 

Example 4 (comparative) 
Poly (1H, lH-perf luorocyclohexylmethyl methacrylate) 
The monomer was bulk polymerised, and then processed 
to an optical fibre in a similar manner to that used in 
35 WO93/03074, Example 5. 

Attenuation measurements made on the fibre indicated 
that the optical attenutation at 840 nm was approximately 
850 db/km. 
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Analysis of the physical properties of the polymer 
fibre was not attempted due to the extreme brittleness of 
the fibre produced. However, thermal analysis was 
5 carried out, giving a glass transition temperature of 80°C 
and a decomposition onset of 200 °C. 

Example 5 (comparative) 
Poly (1H, lH-perf luorocyclohexylmethyl methacrylate- 
10 co-methyl methacrylate) . 

The monomers (ratio by weight 70:30, 1H,1H- 
perf luorocyclohexylmethyl methacrylate : methyl - 
methacrylate) were bulk polymerised, and then processed 
to an optical fibre in a similar manner to that used in 
15 WO93/03073, Example 1. 

Attenuation measurements made on the fibre indicated 
that the optical attenuation at 840 nm was approximately 
1000 db/km. 

Analysis of the physical properties of the polymer 

20 fibre attempted by similar methods to those used in 

Example 1. The results are given below: 

Modulus Tensile Strength Elongation 
(at yield) (at yield) 

25 680 MPa 17.2 MPa 4.5% 

Thermal analysis was carried out, giving a glass 
transition temperature of 93 °C and a decomposition onset 
of 250°C. 

30 The data given in the Examples illustrates 

the advantages of POFs made from poly (1H, IH-perf luoro- 
cyclohexylmethyl 2-fluoroacrylate) in accordance with the 
invention. 

Compared to PMMA, the fibres of the invention show a 
35 higher Tg and decomposition onset, with reduced 

attenuation in the NIR region, and the potential for far 
lower attenuations with optimisation of the 
polymerisation and process conditions. 



WO 95/18785 



PCT/GB94/02773 



14 

It can be seen that fibres of the present invention 
display improved thermal and physical properties in 
comparison with fibres described in Examples 4 and 5, 
5 which are based on methacrylate functionalised polymers. 



10 
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CLAIMS 

1 . 1H, IH-perf luorocyclohexylmethyl 2-fluoroacrylate . 

2. A homopolymer of 1H, 1H -per f luorocyclohexylmethyl 2- 
f luoroacrylate . 

5 3. A copolymer of 1H, IH-perf luorocyclohexylmethyl 2- 
f luoroacrylate . 

4. A copolymer as claimed in Claim 3 formed from: 
a) at least 40% by weight of 1H, IH-perf luoro- 
cyclohexylmethyl 2 - f luoroacrylate , and 

10 b) up to 60% by weight of monomer selected from 

methyl 2-fluoroacrylate, 1H, IH-perf luorooctyl 2- 
f luoroacrylate, 1H, IH-perf luoro (2- (butoxy) propyl) 2- 
f luoroacrylate and any combination thereof . 

5 . A copolymer as claimed in Claim 4 comprising of at 
15 > least 60% of 1H, IH-perf luorocyclohexylmethyl 2- 

f luoroacrylate . 

6. A plastic optical fibre having a core formed of a 
polymer as claimed in any one of Claims 2 to 5 . 

7 . A plastic optical fibre as claimed in Claim 6 having 
20 a diameter in the range 0.1 to 2.0mm. 

8 . An optical component comprising a polymer as claimed 
in any of Claims 2 to 5 . 
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